CxxC-ZF domain is needed for KDM2A to demethylate histone in rDNA promoter in response to starvation.
The transcription of ribosomal RNA genes (rDNA) is a rate-limiting step in ribosome biogenesis and changes profoundly in response to environmental conditions. Recently we reported that JmjC demethylase KDM2A reduces rDNA transcription on starvation, with accompanying demethylation of dimethylated Lys 36 of histone H3 (H3K36me2) in rDNA promoter. Here, we characterized the functions of two domains of KDM2A, JmjC and CxxC-ZF domains. After knockdown of endogenous KDM2A, KDM2A was exogenously expressed. The exogenous wild-type KDM2A demethylated H3K36me2 in the rDNA promoter on starvation and reduced rDNA transcription as endogenous KDM2A. The exogenous KDM2A with a mutation in the JmjC domain lost the demethylase activity and did not reduce rDNA transcription on starvation, showing that the demethylase activity of KDM2A itself is required for the control of rDNA transcription. The exogenous KDM2A with a mutation in the CxxC-ZF domain retained the demethylase activity but did not reduce rDNA transcription on starvation. It was found that the CxxC-ZF domain of KDM2A bound to the rDNA promoter with unmethylated CpG dinucleotides in vitro and in vivo. The exogenous KDM2A with the mutation in the CxxC-ZF domain failed to reduce H3K36me2 in the rDNA promoter on starvation. Further, it was suggested that KDM2A that bound to the rDNA promoter was activated on starvation. Our results demonstrate that KDM2A binds to the rDNA promoter with unmethylated CpG sequences via the CxxC-ZF domain, demethylates H3K36me2 in the rDNA promoter in response to starvation in a JmjC domain-dependent manner, and reduces rDNA transcription.